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摘  要 
 
中后脑边界（midbrain-hindbrain boundary，MHB）是控制中脑和后脑发育的
关键区域，它的位置 初是由 Otx2 和 Gbx2 在中枢神经系统（central nervous 









Wnts 等基因，通过空间表达谱研究，我们发现：1）神经外胚层前部 Otx 和后部
Gbx 的表达模式进化上是保守的。2）这些基因在白氏文昌鱼和佛罗里达文昌鱼
早期胚胎发育中的表达谱是基本一致的。3）白氏文昌鱼 Otx 和 Gbx 在神经管的
表达区域之间有一个明显界线，这部分区域极可能与脊椎动物 MHB 区域同源。
虽然 Otx 和 Gbx 基因的表达图式显示它们之间也许相互抑制，但是行使组织者
功能的其它 MHB 标记基因（如 Wnt1、En）并没有在这个区域表达。 
为了进一步探究 Otx 和 Gbx 基因在文昌鱼胚胎发育中的功能，我们针对 Otx
和 Gbx 分别设计了 2 条和 3 条 siRNA，并构建了体外表达载体，合成相应的
mRNA，研究敲低和过表达 Otx 和 Gbx 对胚胎产生的影响。用 RT-qPCR 和原位




















变化。通过 Otx 和 Gbx 的过表达研究，结果显示注射较高浓度 Otx-mRNA 和
Gbx-mRNA 的实验组胚胎发育至 3 天幼体时胚胎前端均有明显的缺陷，表明在
文昌鱼神经系统发育中这两个基因都发挥着重要作用。另外，我们用各种注射后
的胚胎对 MHB 相关基因的表达量和表达位置进行检测，发现：敲低 Otx 和 Gbx
后，FGF8/17/18 的表达量有明显的上（下）调；敲低 Otx 后，Gbx 基因在神经
管表达的前边界略微前移；敲低 Gbx 后，Otx 基因在神经管的表达区域变大且后
边界略微后移；Otx 过表达后，Gbx、Hox1 和 Pax2/5/8 基因的表达量上调；Gbx
过表达后，Otx 基因在神经管表达的前边界明显前移，Hox1 基因的表达微量上
调，因此本研究结果表明文昌鱼 Otx 与 Gbx 基因也可以调控 MHB 相关基因的表
达。 
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In the vertebrate central nervous system (CNS), mutual antagonism between 
posteriorly expressed Gbx2 and anteriorly expressed Otx2 positions the 
midbrain-hindbrain boundary (MHB), and then a series of signal molecules (such as 
Wnt1 and Fgf8) and transcription factors (such as Pax2, 5, 8 and Engrailed) are 
expressed in this area. Although MHB related genes have been well studied in the 
Drosophila, zebrafish, Xenopus and mouse species concerning its involvement in 
early embryonic development, it remains poorly characterized in other lineages. The 
cephalchordate amphioxus is the closest living relative to the vertebrate, and has been 
widely known as the most important animal to study the origin and evolution of 
vertebrates. Studies on gene expression patterns and function in amphioxus will 
contribute to understand the origin and evolution of the MHB, and further illuminate 
the molecular mechanism of the development of amphioxus nervous system. 
In this research, we cloned amphioxus Otx, Gbx, En, Hox1, Hox3, FGF8/17/18 
and Wnts, and analyzed their expression patterns. The expression patterns of these 
genes revealed several results. Firstly, division of neurogenic ectoderm into anterior 
Otx and posterior Gbx domains was evolutionarily conserved. Secondly, these genes 
early expression patterns were basically the same between Branchiostoma belcheri 
and B. floridae. Thirdly, there was a apparent boundary between the expression of Otx 
and Gbx in the neural tube and this area was most likely the homologous of vertebrate 
MHB. Although expression patterns of Otx and Gbx suggested that they may be 
mutual inhibition, MHB markers such as Wnt1 and En were not expressed at high 
levels in this area. 
To further demonstrate the role of Otx and Gbx during embryogenesis, we 
















Gbx expression and constructed overexpression vectors to study their function. 
RT-qPCR and ISH between the experimental group and the control group which were 
injected with Otx-siRNA1, Gbx-siRNA3 and Control siRNA respectively showed that 
siRNAs could knockdown Otx and Gbx expression remarkably. Through the normal 
developmental ratio analysis and phenotypic observation, we found that the normal 
developmental ratio of experimental group had some decline, but there was no 
significant difference between the two groups, supposing that small difference be not 
easy to tell or the amount of knockdown effect can’t cause phenotypic difference. 
Through the phenotypic observation, we found high concentration of Otx-mRNA and 
Gbx-mRNA injection could lead to obvious defects in the experimental embryonic 
front when embryos developed to 3-day larva, which indicated that the two genes play 
an important role in the development of amphioxus nervous system. In addition, we 
detect the MHB related genes expression in embryos after injection, found that, the 
expression level of FGF8/17/18 was obvious up (down) regulated, Gbx expression 
region in neural tube slightly forward former when Otx was knockdown, and Otx 
expression area was slightly larger and border backwards in neural tube when Gbx 
was knockdown. After Otx overexpression, Gbx, Hox1 and Pax2/5/8 were 
up-regulated. After Gbx overexpression, Otx expression region in neural tube moved 
forward obviously, Hox1 gene expression slight up. So we inferred Otx and Gbx can 
regulate MHB related genes expression. 
 





























































































Chordin、Follistatin 和 BMP4 等将外胚层分为神经外胚层和表皮外胚层。已知文
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